
UNCLASSIFIED

AD NUMBER

AD092326

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; JUL 1955. Other
requests shall be referred to British
Embassy, 3100 Massachusetts Avenue, NW,
Washington, DC 20008.

AUTHORITY

DSTL, AVIA 6/20717, 29 May 2008

THIS PAGE IS UNCLASSIFIED



Armed Servici i ic al aion gen
Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

This document is the property of the United States Government. It is furnished for the du-
ration of the contract and shall be returned when no longer required, or upon recall by ASTIA
to the following address: Armed Services Technical Information Agency,
Document Service Center, Knott Building, Dayton 2, Ohio.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
XR!1JBED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATI
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THk HOLDER OR ANY OTHEI
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTUI
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO

L UNCLASSIFIED
.. .. ... .. .. ' ,: I .. , , -,



Best
Avai~lable

Copy



TECH. NOTE TECH. NOTE
MET.225 MET.225

0~) r

F A R N B O R O U G H, H A N T S

TECHNICAL NOTE No: MET.225

SOME OBSERVATIONS ON THE

DEFORMATION OF GRAINS AND

BOUNDARIES IN PURE ALUMINIUM AND
THREE BINARY ALUMINIUM ALLOYS

by

P.J.E.FORSYTH and J.C.TERRY

JULY, 1955

MINISTRY OF SUPPLY, LONDON, W.C.2

.... ...... T O . .

L.AGL ONDU



UNCLASSIFIED

U.D.C. No. 539: 431: 669.017

Technical Note No. Met. 225

July, 1955

ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH

Some observations on the deformation of grains and boundaries in
pure aluminirm and three binary aluninium alloys

by

P.J.E. Forsyth
and

J.C. Terry

Mat Mi/i 0137/PJ...b and JOT

S1 M1ARY

A smoll straining device has been constructed which can Epplj a
tensile stress to an electropolished specimen at zoom temperature, or if
required, immersed in liquid nitrogen.

With this device variations in deformation behaviour with temperature
have beon investigated. The effect of grain size has also been studied
and comparisons made with the deformation produced by fatigue stresses.
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I Introduction

Recent work on the fatigue of light alloys has shown that there
is often a fine balance between the tendency for grain boundary and
transcrystalline fracture. It has been particularly noticed that some
comercial alloys having a mixed grain size fail by an interczystalline
path in regions of small grains and by a transcrystalline path across
large grains vhen subjected to corrosion fatigue. To a certain extent
this may be due to the fact that regions of small grain size may be
associated with segregation of alloying elements, and the presence of a
higher concentration of some of these elements may cause boundary weakness.
On the other hand it wLs considered that from the known facts of deformation
in metal one might expect different behaviour purely on a grain size basis.
It is well known that non-homogeneous deformation such as kinking is favoured
where freo glide is restricted. Also that the freedom to glide is ependent
on the mean free path of dislocations released by Frank-Read sources vhich
is controlled mainly by grain size. In fact any impedance to glide within
the groins might be expected to transfer the deformation to the boundary
regions. We should at this stage differentiate between boundary glide
vhich is usually associated with creep conditions and is closely concentrated
along the boundaries, and the heavy curvatures produced in the boundary
regions under more normal rates of loaing vth vhich we are mainly concerned
in this mork.

To test the hypothesis that deformation behaviour depends on the
freedom of movement of large numbers of dislocations, i.e. by the activaties
of Frank-Read sources tests vere made varying grain size, testing at room
nd liquid nitrogen temperature. The materials ased were pure aluminium and

some simple alloys. Comparisons were also made with specimens of the
same materials which had been fatigued.

2 Lp aratus

The cpparutus consisted of a straining devrice which is illustrated
in Fi. I whidc could be immersed in liquid nitrogen. The speciaens were
stamped from 0.025" thick strip previously cold rolled from the forged
billot. These specimens were of the same form as those used for the
fatigue investigation. They were in all cases strained to fracture, and
due to their vcryin% section different degrees of strain could be observed
along their length.

3 Materi als

The materials used were 'Super purity aluminium', aluminium 1yo
mnnganeae, aluminium 10/a zinc and aluminium 40 copper. All the alloys
were made from high purity components the aluminium in each case being
'super pure'.

Heat Treatments

iLluminium - Large grain size (Average I am) cold rolled and
annealed 1 hour at 620C.

Small grain size (Average 0.1 mm) cold rolled and
annealed 15 minutes at 350°C.

Aluminium 16 Manganese - Solution heat treated at 6200 C end
cold water quench.

Aluminium 1Q/o Zinc - Solution heat treated I hour at 420°C then
cold water quench. (All tests were made immediately after quenching).

Aluminium 4., copper - Solution heat treat 1 hour at 520PC then cold

water qiench.

3.



Tech. Note No. Met. 225

Specimen Preparation

All specimens were stamped from rolled strip, heat treated then electro-
polished from the *as rolled' surface, no intermediate grinding being employed.

4 Microscopical examination

Room and low temperature (Lqid nitrogen) tests

Puxe ;luminium: Large ains 0 mm aver e)

The room temperature tensile pull on this material (as illustrated in
Figs. 2 and 4) produced characteristic slip bands; in some grains on three
sets of planes. The bands are generally straight and practically continuous
across the grains from one boundary to another. The bottom left hand grain
in Fig. 2 has impeded slip in the right hand grain in the neighbourhood of
the mutual grain boundary. Figs. 3 and 5 show similar specimens tested at
liquid nitrogen temperature. A great deal of cross slip is evident due to
the fact that free glide is impeded at low temperatures i.e. the activation
of Frank-Read sources is more difficult. Fig. 5 shows a grain in which slip
bands are less continuous due presumably to the greater effectiveness of
barriers in producing piling-up of dislocations at low temperatures. The
grain in the bottom left hand corner has been deformed by a characteristic
rupled pattern often found near grain boundaries where free glide has been
obstructed.

Small grain size (O.1 mm average)

Fig. 6 shows a small grain size aluminium specimen which has been
strained. It will be seen that surface furrowing and rumpling has occurred
particularly near the grain boundaries. The slip bands themselves are not
straight presumably because of the occurrence of cross slip. Fig. 7
shows a similar grain size specimen strained at liquid nitrogen temperature.
By comparison with Fig. 6 it will be seen that the slip is more irregular,
and even more marked boundary deformation has occurred. The cellular network
pattern observed in Fig. 5 is also present. Fig. 8 shows another region of
the room temperature tested specimen where large and small grains occur
together. It can be seen that the large grains have formed fairly long,
straight slip bands whereas the top included small grain shows a complex
cross slip pattern. A simil& specimen tested at liquid nitrogen temperature

(Fig. 9) shows very irregular slip including the cellular pattern, and far
more deformation near grain boundaries.

lumirlium 1 o Manganese alloy (grain size approximately 0.5 mm)

The aluminium 1/o manganese alloy (Fig. I) shows rather more irregular
slip within the grains than pure aluminium and a certain amount of grain
boundary disturbance. The liquid nitrogen temperature (-1950 C) test shows
a markedly different appearance from both the room temperature tested
aluminium - I~o manganese and also the low temperature tested pure aluminium
as shown in Figs. 3, 5 and 9. Coarse slip has been almost completely
inhibited in this alloy when tested at liquid nitrogen temperature
presumably by the combined effect of the solute atoms and the low
temp crature.

Aluminium IN Zinc (Frain size mproxmately 0.5 rm)

Due to the rapid rate of age hardening of this alloy tests were
conducted as soon as possible Bfter quenching frtm the solution heat treated
condition. Even so it is certain that some ageing must have occurred before
the test. Fig. 12 shows a typical structure after deformation. It will be
seen that glide is less interrupted than in aluminium 1>6 manganese but very

4.
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sharply defined grain boundary deformation has occurred. This deformation
often produces small deformation bands at grain corners as shown by
arrow A. The low temperature deformation is shown in Fig. 13. This
sharply definedboundary glide mhich occurred at room temperature is shown
at a higher magnification in Fig. 13 vkiere a grain boundary, presumably
obliquely oriented to the surface of the crystal has slipped. A similar
boundary region is shomn in Fig. 15, this material was deformed at liquid
nitrogen temperature. It can be seen that the boundary deformation is
now more widespread end involves clearly defined fine slip in each grain.

lutminium 1i copper alloy

Figs. 16 and 17 show an aluminiu n 4/o copper microstructure strained
at room temperature and liquid nitrogen temperature respectively. Apart
from the fact that slip bands are straighter and more continuous at room
temperature than at low temperature, there is not the striking difference
in behaviour noticed in tht aluminium 1016 zinc alloy.

Room and liquid nitrogen temperature tests

Cold rolled materials:

(i) Pure Iluminiun: The general disorientation caused by cold rolling
pure aluminium is evident by the irregular nature of the subsequent
tensile deformation (See Fig. 18). Even so a number of fairly long slip
bands have formed. This can be compared with the sane material tested
at liquid nitrogen temperature, vhich is illustrated in Fig. 1 9, where
very few marked slip bands are formed.

(2) lJuminium I a Manganese alloy

This material behaved similarly to pure aluminium slip being very
irregular at both room temperature (Fig. 20) and low temperature (Fig. 21).

(3) Aluninium 10b zinc alloy

Inthe cold rolled condition this alloy shows very little difference
in behaviour vien strained at rcom or liquid nitrogen temperature. Figs. 22
and 23 show the two conditions.

(4) Alminium 42 copper alloy

When strained at room temperature this alloy showed a number of
irregular cross slip bands apart from the background deformation. When
strained at liquid nitrogen temperature this was not evident, the only
deformation observed was of an irregular granular nature. Fig. 24 and
25 show these conditions.

5 Comparisons with Fatigue deformation produced in the same materials

Fig. 26 shows large grained pure aluminium fatigued at room temperature
and Fig. 27 shows small grain size aluminiun fatigued at room temperature.
This is comparable with Fig. 6. It will be seen that the fatigue stresses
have not produced slip striations as shown in Fig. 26 but rather a number
of regions of fine cellular network deformation Vhich seems to be the fatigue
equivalent of cro.s slip under static stresmes. Fig. 27 also shows very
localised deformation on each aide of the boundary in the form of two
furrows. This effect had been noticed in larger grain sized aluminim.
fatigued at higher frequencies. Fig. 29 shows included grains and is
the fatigue equivalent of Fig. 8. Pig. 30 shows localised boundary
deformation produced in aluminium - I* manganese alloy by fatiguing at

5.
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liquid nitrogen temperature. This is comparable with Fig. 11 wich, was
statically strained at the same temperature. No direct comparisons can
be made with the fatigue or static strain behaviour of the other alloys as
ageing effects become an important factor in their fatigue behaviour.

Discussion

When a shear stress is applied to a crystal it may cause movement of
mobile dislocations in the lattice, and, if the stress is large enough it may
also activate 'Frank'-Read type dislocation sources. These sources suddenly
generate large numbers of dslocations which move along a few atomic planes.
These large numbers of dislocations produce slip bands on the crystal surface
which can be easily seen with the light microsccpe, but the smaller movements
of the pre-existing mobile dislocations may not be clearly resolved except
with the electron microscope. However, their presence is often revealed
to the light microscope by the 5urface undulations which large numbers of
these fine slip bands may cause .

The presence of grain boundaries and the interaction between neighbouring
grains greatly modifies the cppearance of the surface defornation. These
obstructions to free glide produce kink bands in the grains ,' and often
particularly heavy curvature of the crystal near the grain boundaries. The
grain size of the material is therefore an iuportant factor in the type of
deformation present. In the extreme case of a single crystal, unrestricted
glide may result in almost perfect straight slip bands. Similar effects
can be obtained in large grained aggregates, the slip bands extending to or
very near the grain boundaries. Arq obstruction to the movement of 6
dislocations will cause a pile-up which may result in the slip band stopping
This may occur within the grain if an effective barrier is present.
Obstructions to the free vement of dislocations may also result in cross
slip as described by Cahn T as well as kinking and associated flexural glide.
Boas 8 has shown that the deformation of aggregates may also result in glide
on other than the normal planes. These extra degrees of freedom allow
easier accommodation of the strain in boundary regions. Thus deformation
of even recrystallised grain aggregates can be considered as extremely
complex and inhomogeneous.

The heavy deformation of pure aluminium, as for example by cold
rolling, results in considerable fragmentation of the original grains which
may then be considered as a large number of small disoriented crystallites
of relatively perfect lattice surrounded by walls of less perfect lattice9

where most of the dislocations will be concentrated. Thus under heavy
deformation the surface of the grains may reveal the presence of this
structure. Naturally the production of such a structure will modify
subsequent deformation. These modifications will be due to (i) the
disorientation and (ii) the thick walls of concentrated dislocations both
of Yich introduce effective barriers to slip of the Frank-Read type1 0 .

At advanced stages of deformation the original grain boundaries may
lose their identity due to the disorientation of the grains, but in the
early stages the balance between grain and boundary region deformation will
to a certain extent depend on the freedom of movement of dislocations
within the grain. If easy glide can occur in the grains then the grain
boundary regions remain relatively undeformed. Small aggregates by virtue
of the fact that ther reduce the mean free glide path, and thus inhibit
easy glide, will suffer from heavier boundary deformation. This heavier
deformation in the boundary regions represents higher stresses transferred
to the boundaries themselves.

At liquid nitrogen temperature these effects are very much more
marked ar the Frank-Read sources are less readily activated. Sclute
atoms behave in a similar manner by also inhibiting glide in the grains.

6.
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Under these conditions it has been shown that deformation in the boundary
regions becanes more marked. It is of interest to note that although
more boundary region defomation occurred in the aluminiun 10/. zinc alloy
at low temperature, the flow of what is believed to be the depleted solid
solution at the grain boundary itself, was not as marked.

Conclusions

I Large grain size materials, particularly pure aluminium, show
straighter and more continuous slip bands than smaller grain size
material s.

2 Small grain size aluminium deforms more heavily in the grain
boundary regions than a large grain size structure.

3 Lowering the deformation teupcrature accentuates these differences.

4 The above observations are true both under static and fatigue
stresses.

5 Cross slip is more prevalent in specimens strained -t low
tonpratures and may be further encouraged by the presence of solute
atoms.

6 In the specific case of a material such as aluminium - 1O01 zinc
which m:y contain grain boundaries depleted of solute atoms, grain
boundary flow is more marked at room temperature than at liquid
nitrogen temperature. This is in agreement with earlier work on this
alloy which failed by intercrystalline fatige fracture at room
temperature nd by a transcrystalline fracture at liquid nitrogen
tenperature.

7 Static deformation of cold rolled materi als occurs mainly in the
form of very short, irregular slip bands giving the specimen surface
a roughened qipearance. Again, low temperature inhibits the formation
of long bvnds.

8 Aluminiu 1G/b zinc alloy in the cold rolled condition shows a marked
similarity of behaviour at room and liquid nitrogen temperature.

9 There is a marked similarity of behaviour under specific test
conditions of fatigued and statically strained specimens.

7.
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